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1  Introduction 
Climate change has a significant impact on the water sector. Global warming can potentially 
change the amount, distribution and intensity of precipitation. These changes can have large 
impacts on water availability and flood risks. The water sector is increasingly concerned 
about climate change and realizes that it needs to adapt to climate change. However, 
implementation of adaptation measures and the use of climate change information is still 
limited due large uncertainties and a mismatch between information supplied and needed. 
Eclise aimed to bridge this gap by developing climate services for seven different cases. The 
cases were spread throughout Europe and focussed on different aspects of water 
management. Cases focussed on water resources management flood risks and 
management, water quality and landslides. All the results of WP5 and details of the case 
studies are presented in Deliverable 5.1 till 5.11. This report first provides a short summary 
the main results of each of the cases. Thereafter general patterns are discussed including 
some general lesson learned. 
 
2  Main results of the water sector cases. 
2.1 Climate change effects for Baragan Plain, Romania  
 
This case focused on the assessment of climate change impacts on the agriculture sector in 
the Baragan Plain region of Romania. The Baragan plain is one of the most important 
agricultural region of Romania. User interaction showed that the most important climate 
related issue was drought. In addition freeze and hail were identified as being important.  
Baragan Plain 
Vrancea region 
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In this case, first an analysis of the current climate conditions, land use patterns and major 
crops was done. Thereafter an assessment of future changes in temperature and 
precipitation was made for the mid-term (2021-2050) and long-term (2071-2100) using 
different emission scenarios (SRES A1B and RCPs 2.6, 4.5 and 8.5). The climate model 
output was analysed at annual, seasonal and monthly time-scale in relation to the potential 
impacts on major crops.  
Results showed that temperatures will increase between 1 and 5 degrees depending on 
scenarios and climate model. The increasing trend is projected for both maximum and 
minimum temperatures, with the highest increases in the summer. The higher summer 
temperatures will have an impacts on plant metabolism. In this respect, the most vulnerable 
crops are those harvested in autumn such as maize and sunflower.  
For precipitation, there was a considerable spread between the different climate models but 
overall the total precipitation was increasing. However, rainfall especially increased in winter; 
during summer some model also indicated a reduction in rainfall. The number of dry days 
increased during summer and reduced during winter. Although the overall rainfall quantity is 
likely to rise, this does not necessarily translate into more water available to plants. In 
general for winter crops probably more water will be available. However there is an 
intensification of water deficit in April-October and mainly for May-August period. As a result 
maize and sunflower are likely to be exposed to increased water stress. This will probably 
result into increased yield variability of summer crops. Different adaptation options were 
discussed and more detailed studies are needed to improve recommendations regarding 
adaptation. It was initially concluded that at larger scale there is a need to improve the 
irrigation systems. At local scale, the most accessible adaptation measure, especially for the 
small farmers, is the use of drought-resistant seeds. 
 
2.2 Climate change signals in the Vrancea Seismic Region 
The Vrancea Seismic Region in Romania is one of the most geomorphologically-active 
regions in Europe. Intense slope and channel processes, represented by landslides, floods 
and flash-floods are combined with generally high seismic activity. The main objective of this 
case was to study the relation between future climate change and landslides and floods. This 
case assessed the change in precipitation for  the mid-term (2021-2050) and long-term 
(2071-2100) under different emission scenarios, (RCP2.6, RCP4.5 and RCP8.5). This 
climate service example focussed on providing a scientific base for several key local 
authorities involved in risk management and civil protection. The aim was to provide 
information which facilitates adaptation actions in respect the expected climate change. To 
provide this service a new methodological framework was developed which addresses 
impacts of climate change scenarios on landslide hazards and risks.  
Climate model analyses showed that in addition to the large increase in temperature across 
the study region, the changes in annual and seasonal precipitation and precipitation are 
expected to be significant by the end of the century. Annually, the region is projected to 
become wetter in the range of 5-8% (in both Carpathian and Subcarpathian sectors) and up 
to 18% (Carpathians) and 22% (Subcarpathians) by mid-century.  
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The seasonal increase of precipitation shows a robust pattern. All models agree in the sign 
for precipitation change for all seasons, except for summer. Especially in winter and spring 
precipitation is projected to increase. Also the rainfall intensity is projected to increase. As a 
result the risks of both landslides and flash floods are increasing in the region. However there 
is large uncertainty by how much the risks are increasing due to large differences between 
climate model results. Also some climate model show conflicting result for different RCPs. 
Sometimes lower RCPs gave a stronger signal than higher RCPs. This indicates that the 
change signals are not very robust which makes it difficult to build policy on.  
 
2.3 Impact of climatic change on water availability over the Sicily Region 
Sicily is an island located in the southernmost part of Italy and is the largest Italian region. It 
is characterized by a heterogeneous terrain and equally heterogeneous is the availability of 
water resources. The user for this case requested knowledge on the average rainfall 
climatology over the region at a fine spatial resolution (due to the strong spatial gradients of 
precipitation characterizing the region). The user was also interested in possible future 
changes in precipitation for the next decades to support future water resources planning.  
A methodology which allows to obtain virtual precipitation records for any cell of a high 
resolution grid covering the whole Sicily territory was developed. The results make it possible 
to describe spatial distribution of precipitation over Sicily and to show the spatio-temporal 
behaviour of precipitation variability and change. This high resolution dataset was used to 
validate the ENSEMBLES RCMs outputs over the past and to estimate the bias corrections 
to be applied to the future climate model runs. 
Climate model analyses indicate a significant reduction of the total precipitation for the 
coming decades, mostly due to changes in winter and spring precipitation(see figure 5). This 
reduction in rainfall and thus water resources needs to be incorporated in future water 
management and planning for the Sicily region. 
 
Sicily: Seasonal and annual deviation from the 1951-2000 mean precipitation for the future sub-
periods 2001-2050 and 2051-2100 for the ensemble mean. (From: ECLISE D5.4 Report on the 
impact of climatic change on water availability over the Sicily Region, Michele BRUNETTI, Claudia 
SIMOLO - ISAC-CNR, Maurizio MAUGERI - University of Milan, Luigi PASOTTI – SIAS). 
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2.4 Climate change effects on hydro-meteorologic variables related to the water 
budget and precipitation extremes for Crete. 
The island of Crete has both water scarcity and flood problems which are likely to be affected 
by climate change. This case focussed on assessing climate change impacts on water 
resources availability combined with estimates of the potential future water demand of the 
island of Crete. A Grand Ensemble of specialized hydrological information was structured 
from seven CMIP5 simulations (under RCPs 2.6, 4.5 and 8.5), from three GCMs (under A2 
and B1 emission scenarios) and from 10 RCMs (ENSEMBLES FP6, under A1B emission 
scenario), bias adjusted against local observations.  
The continuous rainfall-runoff model SAC-SMA was used to estimate the hydrologic impact 
during the 21st century for the study area. Water availability for the whole island was then 
estimated for a range of different scenarios of projected hydro-climatological regime, demand 
and supply potential. In terms of potential future changes in extreme events related to 
precipitation the recurrence intervals of specific magnitude was studied using the Annual 
Exceedance Probability (AEP) approach.  
Results of this case indicated that there is a robust signal of temperature increase and 
precipitation decrease. These changes are projected for all the pathways and scenarios 
resulting into a severe decrease of water availability on the island. In addition a significant 
increase in the 2% Annual Exceedance Probability in maximum daily precipitation is 
projected for all future periods over the island of Crete. Finally historical storm events over 
Crete, could produce significantly higher precipitation accumulations and intensities in a 
warmer climate indicating increased future flood risks. 
 
Three high-resolution test cases 
over Crete. The 99.5-ile% 
classified map derived from the 
interpolation (IDW) of daily 
precipitation values from 50 
stations (with more than 30 
gauging years). Black dots 
indicate precipitation stations 
with accumulated precipitation 
lower that the 99.5-ile%. Blue 
and green dots correspond to 
stations daily accumulated 
precipitation over the 99.5-ile%, 
for two classes of less than 
100mm and more than 100mm, 
respectively (from: ECLISE D5.5 
Climate change effect on hydro-
meteorologic variables related 
to water budget and 
precipitation extremes for the 
region of Crete, Ioannis K. 
Tsanis, Aristeidis G. Koutroulis, 
Manolis G. Grillakis, (TUC)) 
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2.5 Time series of future local-scale rainfall for UK 
This case focused on the development of estimates of future extreme rainfall for flooding 
through the simulation and analysis of statistically downscaled time series of rainfall. This 
information is relevant to develop future flood adaptation measures and strategies for the UK.  
The Gamma variant of the Neyman Scott Rectangular Pulses (NSRP) rainfall model was 
used to model extreme rainfall in the UK. A collection of ensembles of climate projections for 
a range of location, future time slice and emissions scenario from the UK Climate Projections 
2009 was then statistically downscaled with the Gamma-variant model. This provided 
simulation of future climate rainfall relevant to hydrological scales and suitable for flood 
hazard modelling.  
Extreme rainfall was analysed for two locations in the North of England, Newcastle and 
Carlisle, for three emissions scenarios (Low, Medium and High) and for two time slices 
(2050s and 2080s). Extremes were noted to increase for daily resolution properties and to 
decrease for hourly resolution properties for both longer time-horizons and increasing 
emissions. Given that an increase in summer temperature may herald an increase in 
summer convective events the latter result seems questionable. However, this result may be 
a consequence of the UKCP09 assumptions of stationarity necessary to relate daily to hourly 
change factors using daily to hourly empirical statistical relationships. 
 
Case study locations in the UK: Newcastle and Carlisle 
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2.6 future hydrological conditions of river basins within the South Baltic Water 
Authority  
This case focussed on assessing the possible changes in riverine nutrient concentrations 
and fluxes due to climate change in the South Baltic Water Authority (SBWA) region in 
southern Sweden. The SBWA region covers large forested, agricultural and urban regions 
The area dominantly drains in the Baltic Sea, which is vulnerable to eutrophication due to 
excess riverine nutrient transports. 
 
Located in south-eastern Sweden, the South Baltic Water Authority covers an area of 55000 km2, 
including two large islands in the Baltic Sea and Lake Vättern, the second largest lake in Sweden.  
To asses climate change impacts, two climate scenarios were used as forcing data for a 
hydrological rainfall-runoff and nutrient transport model and two 30-year future time slices, 
(mid-century and end-century) Within the hydrological model framework, the effects of two 
remedial scenarios on riverine nutrients nitrogen and phosphorus under climate change 
conditions are tested. Remedial measures include differing degrees of point source 
reductions and changes in agricultural practice.  
Results show that run-off is likely to reduce due to climate change. For the future, a general 
increase in modelled riverine nitrogen can be observed. Both Echam and Hadley based 
models show this trend, with Hadley projections resulting in a more pronounced response, 
likely relating to more pronounced increases in forcing precipitation and temperatures in this 
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model. The projected changes in phosphorus concentrations are broadly similar to changes 
in riverine nitrogen, but more subdued, with the large forested areas in the centre of the 
model domain showing little change if any at all. 
The results show a generally stable effectiveness of remedial measures even under climate 
change conditions. However, the impacts of such change on the hydrological cycle itself are 
also shown to potentially exacerbate current conditions (e.g. increased nutrient 
concentrations due to decreased flow volumes). This could then in turn weaken the 
effectiveness of remedial measures undertaken to meet specific water quality goals. 
 
2.7 Assessment of hydrological resources in the Somes river basin 
 
The Somes river basin in Romania, indicated in yellow. 
This case focussed on assessing the impacts of climate change impact on water resources 
of the Somes river basin, in Romania. The user for this case was the Water Basin 
Administration Somes-Tisa. Water resources in this region are important because there are 
six different hydropower dams within this basin. Climate change can potentially have an 
impact on the management of the different dams within the Basin. 
In order to estimate the climate change impact on mean monthly flows of the rivers from 
Somes basin in the future period 2021 – 2050, hydrological model WatBal was used. After 
comparing climate model output with observations, the EC-Earth forced RCM run was 
selected for further analyses.  
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The mean annual discharge for total Somes river basin, was increasing for RCP 4.5 and 
RCP 8.5 scenario and reducing for RCP 2.6. However there were large seasonal differences. 
Generally in the winter months (Nov-Apr) the discharge is projected to increase while during 
the summer there is a decreasing trend. 
3 Conclusions and lessons learned. 
For the cases focussing on water resources climate change impacts are mainly caused by 
changes in precipitation. Not only changes in total precipitation are important but also the 
distribution over the different seasons and changes in intensity are important. For the climate 
services for the water sector a thorough analyses of changes in precipitation patterns is 
therefore necessary. Most cases show however that this is not always straightforward. 
Climate models show large biases in the simulation of precipitation and there can also be 
large differences between different models in the estimated changes of future rainfall. The 
different cases dealt differently with these biases and ranges in climate model outcomes. For 
example, the Somes case decided to only use one climate model because the biases in the 
other models were too large. The Sicily case used a bias correction while the Crete case 
used a large range of RCMs, GCMs and emission pathways.  
The aim of Eclise was to use Cordex model runs for the different climate service cases. 
However the results of Cordex were severely delayed and as a result it was not possible to 
do an analyses of Cordex runs before making a recommendation on which model runs 
should be used. Instead the different cases used what was available. The drawback of this is 
that it is unclear if the correct models were used and often a too limited range of models was 
used for the analyses. However even given these limitations some robust patterns are 
emerging in the different cases. The case studies focusing on water resources in Romania, 
Crete and Sicily showed clear patterns of summer drying causing reduced water availability 
in the summer. Also in almost all cases were precipitation extremes were analysed the 
extremes were increasing.  
Because the relationship between changes in rainfall patterns and water resources and flood 
risks are not linear, several cases used a hydrological model to evaluate climate change 
impacts on the water sector. In the UK and Sicily case only the rainfall input for the models 
was analysed and the actual flood and water resources modelling was to be done by the 
User. The different cases show that including the hydrological modelling in the climate 
services improved the user interaction. This was also confirmed by the User questionnaire 
which showed that users were especially interested in climate change impacts (see 
Deliverable 1.2).  
Uncertainties in future changes in precipitation due to climate change was an important issue 
in many of the cases. Uncertainties are caused by biases in climate models which are large 
especially for precipitation, by unknown future emissions and by differences in projected 
changes between different climate models. To be able to detect robust patterns it is 
important that uncertainties are analyses and presented in a consistent way. However it also 
depends on the user to what extent uncertainties are acceptable or not and to what extent 
the user wishes and is capable of using the uncertainties in their decision making. None of 
the cases has treated uncertainty in a way which is requested by user. This could definitely 
be improved in future climate services. Not only should be discussed with the user what 
climate parameters, indicators and/or impacts the user is interested in but also how they will 
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use uncertainty in their decision making and how they want the uncertainty to be analysed 
and/or presented. Here more training of both users and providers in terms on understanding 
the uncertainty is also needed. Instead of focussing on uncertainty it could also be better to 
focussed on the robustness of patterns. Also then the interaction with users is important it 
terms of defining when a pattern is robust (enough). 
The water cases of Eclise show again how important climate change is for the water sector in 
Europe. Providing high quality climate services will be key for the sector to be able to adapt. 
However the biases in the climate models and the large spread in model outcomes are still 
an important issues limiting decisions on future adaptation. To improve on these a two track 
approach should be used. First of all climate model should be improved to reduce biases and 
there should be a better understanding of what causes the spread in model outcomes. 
Secondly improved methods should be developed to facilitate decision making in the water 
sector given the biases in the models and ranges in climate model output. The water sector 
cannot wait with adaptation until the climate scenarios have improved and water managers 
should be trained to make decisions under uncertainty.  
